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(54) Apparatus for maintaining an antenna vertical in portable communication devices. 



(57) A pole antenna (302) of a hand-held, portable 
communication device (102), such as a cellular 
telephone, is maintained in a substantially verti- 
cal orientation. An antenna mast (302) provides 
a support structure for the antenna. A pivot 
means (312) couples a medial portion of the 
antenna mast to a housing (404) of the com- 
munication device. The pivot means allows 
movement of the antenna mast about an axis of 
rotation. A weight is fixedly attached to the 
lower end of the antenna mast. The action of 
gravity acting on the weight maintains the 
antenna mast in a substantially vertical orien- 
tation as the housing of the communication 
device is tilted at an angle. 
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Field of the Invention 

This invention relates generally to the field of tel- 
ecommunications. More specifically, the invention re- 
lates to an apparatus for maintaining antenna polari- 
zation in a cellular telephone handset. 

Related Art 

In existing cellular telephone networks, signals in 
the 900 MHz frequency band are communicated be- 
tween a base station and a portable telephone. The 
base station antenna transmits vertically polarized 
signals. The portable units use simple pole (i.e., mo- 
nopole or dipole) antennas. 

In order to maximize the signal level received by 
a portable unit, it is desirable to maintain the antenna 
of the portable unit in a vertical orientation. Unfortu- 
nately, most commercially available portable units 
have a fixed antenna generally oriented to align with 
the long axis of the unit. When the portable unit is held 
in alignment with the mouth and ear of a user, this 
generally orients the unit at approximately a 45° angle 
with respect to vertical. This results in a polarization 
mismatch with the vertically polarized signals being 
received from the base station. This polarization mis- 
match results in a loss in received signal power. For 
example, at a 45° angle from vertical, the received 
signal will have an amplitude 3 dB [i.e., 20log(cos 
45°)] lower than that received by a vertically oriented 
antenna. 

What is needed is a means for assuring a sub- 
stantially vertical antenna orientation in portable units 
so that signal attenuation resulting from polarization 
mismatches can be minimized. 

Summary of the Invention 

The invention is an apparatus for maintaining the 
antenna of a hand-held, portable communication de- 
vice (portable unit) in a substantially vertical orienta- 
tion. An antenna mast provides a protective or sup- 
port structure for the active antenna element. A pivot 
means couples a medial portion of the antenna mast 
to a housing of the portable unit. The pivot means al- 
lows movement of the antenna mast about an axis of 
rotation. A weight is fixedly attached to the lower end 
of the antenna mast. The action of gravity acting on 
the weight maintains the antenna mast in a substan- 
tially vertical orientation. 

In the preferred embodiment, a weight is added 
to the lower end of the antenna mast. In an alternate 
embodiment, the antenna mast may be configured so 
that the lower end of the antenna mast (i.e., the end 
below the point where the pivot means couples to the 
antenna mast) is substantially heavier than the upper 
end of the antenna mast (i.e., the end above the point 
where the pivot means couples to the antenna mast). 



This will allow the antenna to maintain a vertical ori- 
entation without the addition of an additional weight. 

The foregoing and other objects, features and ad- 
vantages of the invention will be apparent from the 
5 following, more particular description of a preferred 
embodiment to the invention, as illustrated in the ac- 
companying drawings. 

Brief Description of the Figures 

10 

FIG. 1 is a diagram illustrating conventional use 
of a portable unit and the orientation of the antenna 
during such use. 

FIG. 2 is a diagram illustrating use of a portable 
15 unit constructed in accordance with the invention and 
the orientation of the antenna during such use. 

FIG. 3 is a diagram illustrating the components of 
the antenna of the invention. 

FIG. 4 is a front view of the portable unit of the in- 
20 vention. 

FIG. 5 is a side view of the portable unit of the in- 
vention. 

Detailed Description of the Preferred 
25 Embodiments 

The preferred embodiment of the invention is dis- 
cussed in detail below. While specific configurations 
and arrangements are discussed, it should be under- 
30 stood that this is done for illustration purposes only. 
A person skilled in the art will recognize that other 
configurations and arrangements may be used with- 
out departing from the spirit and scope of the inven- 
tion. 

35 The preferred embodiment of the invention is now 

described with reference to the figures where like ref- 
erence numbers indicate like elements. Also in the 
figures, the left most digit of each reference number 
corresponds to the figure in which the reference num- 

40 ber is first used. 

Figure 1 illustrates a user of a portable unit (e.g., 
a portable, cellular telephone) 100. Portable unit 100 
includes a body or housing 102 and an antenna 104. 
Antenna 104 is a pole (i.e., a monopole or a dipole) 

45 antenna. Antenna 1 04 is fixed to body 1 02 to substan- 
tially align with a longitudinal axis 106 of body 102. In 
order for the user to properly align the microphone 
portion of portable unit 102 with his or her mouth and 
to align the speaker portion of portable unit 102 with 

50 his or her ear, the portable unit 1 02 must be tilted from 
a vertical axis 108. Note the angle 9 formed between 
vertical axis 108 and axis 106 of antenna 104. 

Conventional cellular networks communicate us- 
ing vertically polarized signals. Vertically polarized 

55 electromagnetic energy received by antenna 104 will 
be attenuated as a function of angle 0. For example, 
during normal use of portable unit 102, it is common 
for angle 9 to equal 45°. At 45°, the vertically polarized 
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signal received by antenna 104 will be attenuated by 
3 dB [i.e., 20 log(cos 45°)]. By maintaining antenna 
104 in a substantially vertical orientation, this signal 
attenuation may be eliminated. 

The portable unit 200 of the invention is illustrat- 
ed in Figure 2. Similar to portable unit 100, portable 
unit 200 includes a body portion 102 and an antenna 
204. Note, however, that while body portion 102 is 
maintained at an angle from vertical, antenna 204 is 
maintained in a substantially vertical orientation par- 
allel to vertical axis 108. Antenna 204 is maintained 
in this vertical orientation regardless of the angular 
orientation of body portion 102 (within a reasonable 
range, as discussed below). 

The means by which antenna 204 maintains its 
vertical orientation is illustrated in Figure 3. Antenna 
204 includes an elongated antenna mast 302 having 
a first end 304 and a second end 306. Antenna mast 
302 is a protective or support structure for the actual 
active antenna element (not shown) which is normally 
a wire. In some cases, antenna mast 302 may also act 
as the active antenna element. 

Antenna mast 302 is rotatably coupled to housing 
102 via a pivot pin 312 for rotation about an axis 310. 
A weight 308 is coupled to end 306 of antenna mast 
302. The force of gravity acting on weight 308 creates 
a moment of force (torque) on antenna mast 302 if 
mast 302 is not positioned in a vertical orientation. 
Thus, antenna mast 302 is maintained in a substan- 
tially vertical orientation. 

Figure 4 illustrates an embodiment on the inven- 
tion in which antenna 204 is integrated into housing 
1 02 of portable unit 200. Note that pivot pin 31 2 is ori- 
ented such that axis 31 0 is perpendicular to the draw- 
ing sheet. Antenna mast 302 extends out from an 
opening (not shown) in the top end 402 of housing 
102. Dashed line 404 indicates an arc through which 
weight 308 will sweep as antenna mast 302 is rotated 
about axis 310. The area through which weight 302 
sweeps must be maintained free of obstruction to al- 
low free rotation of antenna mast 302 about axis 310. 

Figure 5 illustrates an embodiment of the inven- 
tion in which antenna 204 is disposed in an antenna 
housing 502. Antenna housing 502 is attached to the 
outside of housing 102, opposite the side of portable 
unit 200 which interfaces with a user's mouth and ear. 
Antenna housing 502 provides a chamber through 
which weight 308 may rotate without interference 
from any electronic circuitry or other components 
within housing 102 of portable unit 200. 

The angle through which body 102 of portable 
unit 200 may be rotated without adversely affecting 
the vertical orientation of antenna 204 will depend on 
the specific implementation of antenna 204. For ex- 
ample, the placementof pivot pin 312, thedimensions 
of antenna mast 302 and weight 308, and the opening 
in body 102 through which antenna mast 302 pro- 
trudes will all affect the tilt range of body 102 for 



which antenna 204 can compensate. A reasonable 
angle may be, for example, in the range of ±60°. That 
is, if the antenna is maintained vertical and the body 
is rotated about pivot pin 312, then the body may be 

5 rotated 60° from vertical in either the clockwise or the 
counterclockwise directions. 

The invention has been thus far described in the 
environment of a vertically polarized communication 
system. The invention, however, may be used to 

10 maintain an antenna at any orientation including hor- 
izontal. For example, if it is desired to maintain an an- 
tenna in a horizontal orientation, the antenna mast 
may be configured in a "T" shape. The vertical portion 
of the T is then connected to pivot pin 312 as descri- 

15 bed above. The horizontal portion of the T houses the 
active antenna element. For other orientations, the 
horizontal portion of the T may be angled with respect 
to the vertical portion of the T. 

Further, the invention has been described as al- 

20 lowing free movement of antenna 204 about a single 
axis. However, a gimbaled or similar arrangement 
may be used to provide movement of antenna 204 
about two axes. These and other modifications of the 
invention will be apparent to one skilled in the art and 

25 are intended to be within the scope of the appended 
claims. 

An advantage of the invention is that maintaining 
the polarization orientation of an antenna will improve 
receiver performance. 

30 Another advantage of the invention is that main- 

taining the antenna at true vertical will minimize the 
amount of cross-polarization cancellation needed in 
the receiver. This advantage may have particular ap- 
plication in a cell implemented with dual polarization 

35 operation. Such a system is briefly described below. 

Recent technological advances have reduced the 
price of cellular telephones. As a result, the number 
of cellular telephones in use has dramatically in- 
creased. Recent technological advances have also 

40 increased the capacity of cells (i.e., base stations). A 
typical macro-cell can accommodate as many as 40 
to 60 users using frequency division multiple access 
(FDMA). The service area of the cell may have a ra- 
dius of up to seven miles. The inventors contemplate 

45 that the capacity of such a cell may be doubled by im- 
plementing a dual polarization operation, wherein two 
separate signals are sent in the same frequency 
band, but with different polarizations (e.g., one signal 
with a vertical polarization and one signal with a hor- 

50 izontal polarization). 

In such a system, the present invention would 
find particular application in discriminating between 
the different polarizations being used. The invention 
would help to minimize cross-coupling between po- 

55 larizations while maximizing co-coupling between the 
polarized signal of interest. 

Although the invention has been described and il- 
lustrated with a certain degree of particularity, it is un- 
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derstood that one skilled in the relevant art will rec- 
ognize a variety of additional applications and appro- 
priate modifications within the spirit of the invention 
and scope of the claims. 

5 

Claims 

1 . An antenna for a portable communication device, 
comprising: 10 

an antenna mast having a first end and a 
second end with a pivot point disposed there- 
between, said second end having a weight great- 
er than that of said first end; and 

pivot means for coupling said antenna 15 
mast to a housing of the portable communication 
device at said pivot point and for allowing move- 
ment of said antenna mast about said pivot point 
so that said antenna mast is positioned by the ac- 
tion of gravity in a substantially vertical orienta- 20 
tion with said first end above said second end. 

2. An apparatus for maintaining a pole antenna of a 
hand-held, portable communication device in a 
substantially vertical orientation, comprising: 25 

an antenna mast providing a support 
structure for the pole antenna; 

pivot means defining an axis of rotation for 
coupling a medial portion of said antenna mast to 
a housing of the portable communication device 30 
and for allowing movement of said antenna mast 
about said axis of rotation; and 

a weight fixedly attached to one end of 
said antenna mast, 

whereby said antenna mast is maintained 35 
in a substantially vertical orientation by the action 
of gravity acting on said weight. 

3. An antenna assembly for a hand-held cellular tel- 
ephone, comprising: 40 

an antenna mast providing a support 
structure for a pole antenna; 

pivot means defining an axis of rotation for 
coupling a medial portion of said antenna mast to 
a housing of the cellular telephone so that a first 45 
end of the antenna extends out from said housing 
and a second end of the antenna extends into 
said housing, and for allowing movement of said 
antenna mast relative to said housing about said 
axis of rotation; 50 

a weight fixedly attached to said second 
end of said antenna mast, 

whereby said antenna mast is maintained 
in a substantially vertical orientation by the action 
of gravity acting on said weight. 55 



4 



EP 0 652 646 A1 



FIG. 1 FIG. 2 





5 



EP 0 652 646 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 94 30 7852 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



A 

A 



s 

I 

s 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



PATENT ABSTRACTS OF JAPAN 

vol. 5, no. 11 (E-042) 23 January 1981 

& JP-A-55 141 804 (NIPPON TELEGR & TELEPH 

CORP) 

* abstract * 



PATENT ABSTRACTS OF JAPAN 

vol. 15, no. 423 (E-1127) 28 October 1991 

& JP-A-03 175 826 (MATSUSHITA ELECTRIC IND 

CO) 

abstract * 

PATENT ABSTRACTS OF JAPAN 

vol. 10, no. 170 (E-412) 17 June 1986 

& JP-A-61 020 402 (NIPPON DENSHIN DENWA 

KOSHA) 

* abstract * 

EP-A-0 508 299 (SIEMENS AKTIENGES.) 

* abstract; figures * 

PATENT ABSTRACTS OF JAPAN 

vol 17, no. 456 (E-1418) 20 August 1993 

& JP-A-05 102 719 (MATSUSHITA ELECTRIC IND 

CO) 

* abstract * 



1-3 



2,3 



1-3 



GB-A-2 227 370 

* page 1, line 

* page 4, 



1 ine 



(KOKUSAI 

3 - line 

4 - page 



ELECTRIC CO. LTD) 
18 * 

6, line 11 * 



The present search report has been drawn up for all claims 



1-3 



Place of »«atch 

THE HAGUE 



Due of completion of the March 

28 November 1994 



CLASSIFICATION OK THE 
APPLICATION (lnt.CI.6) 



H04B1/38 
H01Q1/18 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 



H01Q 
H04B 



Fxvhtner 

Goulding, C 



CATECORY OK CITED DOCUMENTS 

X : particulariy relevant ff taken alone 

Y : particulariy relevant if combinetl with another 

document iif (he same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
I. : document cited for other reasons 

& : member of the same patent familj, corresponding 
docunteni 



6 



EP 0 652 646 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application (Number 

EP 94 30 7852 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages _____ 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lntXL6) 



IEEE Journal on selected areas in 
communications, Vol. SAC-5. No. 5, 
June 1987. Pages 921-929. Taga et al . 
"Performance analysis of a built-in planar 
inverted F antenna for 800 MHz band 
portable radio units." 

* page 921, left column * 

* abstract * 

* page 921, left column, line 15 - line 31 



1-3 



TECHNICAL FIELDS 
SEARCHED (Int.Cl.6) 



The present search report has been drawn up for all claims 



Place of search 

THE HAGUE 



Date »f conpletlOA of tie March 

28 November 1994 



Exanrfncr 

Goulding, C 



s 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : Intermediate document 



I : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document dted for other reasons 

& : member of the same patent family, corresponding 
document 



7 



THIS PAGE IS 
INTENTIONALLY BLANK 



